The activities of 10 enzymes involved in carbohydrate metabolism were measured in both desiccated and rehydrated fronds of the desiccationtolerant pteridophyte Selaginella lepidophylla (Hook. & Grev.) Spring. Enzyme conservation was defined as the ratio of desiccated to hydrated frond enzyme activity. The mean level of conservation was 74%, with nine of the 10 enzymes showing significant activity increases (P < 0.05) during hydration. The mean of photosynthetic enzyme conservation was significantly lower (P = 0.05) than the mean for glycolytic and respiratory enzymes combined. Chloramphenicol inhibited the normal activity increase in ribulose bisphosphate carboxylase and (NADPH)triose-P dehydrogenase but not pyruvate kinase upon rehydration. Cycloheximide did not affect the normal activity increase for these three enzymes. It is concluded that substantial enzyme conservation is beneficial for rapid resumption of metabolic activity in resurrection plants.
The ability to recover complete physiological activity following repeated protoplasmic dehydration of fully differentiated tissues is an adaptation unique to desiccation-tolerant plants. The physiological and molecular aspects of metabolic reactivation during rehydration of these plants are not fully understood. In a general sense however, the following interrelated features have been suggested to be essential (2) : (a) desiccation-induced damage must be limited to a non-lethal level; (b) partial conservation of potential metabolic function, including structural and molecular components, must occur; and (c) the damage caused by desiccation must be repaired during rehydration.
A variety of cellular components appear to maintain potential function after desiccation. Ultrastructural conservation has been documented for thylakoid membranes and associated Chl complexes (29) , mitochondria (1, 2) , and other cell membrane systems (2, 15, 19) . Elements of the protein synthesizing apparatus including mRNA, tRNA, and ribosomes are also conserved (8, 16, 20, 28) . Finally, there have been a number of reports of conserved enzyme activity extractable from desiccated tissue (2, 5, 6, 11, 23, 27, 30) .
The ability to conserve these cellular components is undoubtedly of great ecological significance. Most resurrection plants grow in environments where droughts are common; thus, rapid resumption of metabolic activity is essential for survival (10) . While many enzymes may be conserved to some degree and play important roles in specific aspects of physiological recovery, only enzymes directly involved in carbohydrate metabolism related to the redevelopment of whole-plant respiratory and photosyn- ' 
RESULTS AND DISCUSSION
All enzymes examined in S. lepidophylla exhibited activity in desiccated fronds (Table I ). Significant increases in enzyme content occurred after 24 h of hydration for nine of the 10 enzymes assayed. The average conservation for the 10 enzymes was 74%, and ranged from 27% for (NADPH)triose-P dehydrogenase to 97% for malate dehydrogenase.
Enzyme conservation in desiccated leaf tissue has been reported in a variety of other desiccation-tolerant taxa. Stewart and Lee (27) found that enzymes in the bryophyte Acrocladium cuspidatum were highly conserved. Plants desiccated for 8 d at 8% RH showed an average conservation of 94% for 10 enzymes. This average is greater than that for S. lepidophylla, and the conservation difference may reflect the shorter desiccation period used in the bryophyte study. In contrast, the S. lepidophylla material had been desiccated for several months in the laboratory and probably longer than that in the field prior to collection.
Enzmyme conservation has also been reported for the bryophyte Tortula ruralis. Sen Gupta (23) 2.09* a Mean (n = 4) ± SE.
b Unpaired, one-tailed t test, df= 6; * P c 0.05, ** P c 0.01, * P c 0.001, NS = not significant. photosynthetic than respiratory processes to desiccation for the lichens Ramalina celastri and Peltigera polydactyla.
The reduced conservation of Calvin cycle enzymes in S. lepidophylla may have important physiological consequences during plant rehydration. RuBP carboxylase, which is usually considered a major rate limiting step in photosynthetic carbon assimilation with respect to both chloroplast (22) and whole-leaf (3) levels, has the second lowest conservation level of the enzymes examined in addition to low absolute activity in desiccated fronds. (NADPH)Triose-P dehydrogenase shows even lower conservation and content in dry tissue (Table I ). This latter result is consistent with the finding of Stewart and Lee (27) that (NADPH)triose-P dehydrogenase was least conserved in A. cuspidatum. This enzyme may be particularly sensitive to desiccation, and may be rate-limiting to photosynthetic carbon reduction early in rehydration. The delayed onset of photosynthetic activity relative to respiratory activity seen in S. lepidophylla upon rehydration (10) may be partly due to the loss of potential activity of RuBP carboxylase and (NADPH)triose-P dehydrogenase during the previous dehydration event.
Zeigler (30) , on the other hand, concluded that the delay in the development of respiratory and photosynthetic activity ofM. b Statistical significance notation follows that for Table I. C LsDoo5 = least significant difference at P = 0.05, mean differences that exceed this value are significantly different from each other.
flabellifolia was due not to the lack of soluble enzyme activity but to the lack ofintact membrane structures involved in electron transport. This conclusion does not seem warranted in the present case as respiratory activity develops very rapidly upon rehydration in S. lepidophylla (10) . Furthermore, this species shows a considerable conservation of both chloroplast and mitochondrial ultrastructure (1) . Also, both respiratory C02 evolution and subsequent net photosynthetic CO2 uptake can occur in S. lepidophylla during rehydration in the presence of protein synthesis inhibitors at concentrations that cause significant reductions in [35S]methionine incorporation (12) . This suggests that conserved enzyme function, in the absence of de novo protein synthesis, is of great physiological significance and can influence patterns of cell metabolism early in the rehydration cycle.
The effects of protein synthesis inhibitors on the increased enzyme activity normally observed during rehydration were examined with the three enzymes showing the lowest degree of conservation. Increases in enzyme content above desiccated levels were significantly inhibited upon rehydration for both (NADPH)triose-P dehydrogenase and RuBP carboxylase (Table  II) . The (NADPH)triose-P dehydrogenase content was not significantly different from desiccated controls and RuBP carboxylase content, while increasing relative to desiccated controls, was 58% below hydrated control values. Cycloheximide treatment did not significantly affect the normal increase in activity for either enzyme. The large subunit of RuBP carboxylase is synthesized in the chloroplast and its inhibition by chloramphenicol has been documented; on the other hand, inhibition of (NADPH)triose-P dehydrogenase activity by CAP was unexpected as its synthesis is reportedly cytoplasmic (13) . We have no convincing explanation for this unusual result. Neither CAP nor CHI significantly affected the activity of pyruvate kinase upon rehydration. While conserved activity of the enzymes is important to early physiological reactivation as described above, these results indicate that de novo synthesis of some, but perhaps not all, enzymes may also contribute to enhanced physiological activity upon rehydration.
In summary, the conservation of potential enzymic function in desiccated fronds is both quantitatively high and widespread among enzymes involved with important aspects ofcarbohydrate metabolism. In general, however, photosynthetic enzymes showed a lower degree ofconservation than those associated with respiration. This difference may explain the rapid resumption of respiratory activity and the delayed development of photosynthetic activity seen in this and other resurrection species upon HARTEN AN] rehydration. Finally, the results indicate that while enzyme conservation may be important in the physiological reactivation process, de novo synthesis of some enzymes during rehydration also contributes to full physiological recovery in desiccationtolerant plants.
